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§ 10. Transition Probabi I ity for Strong Plasma 
Turbulence 
Itoh, S.-I. (RIAM, Kyushu Univ.), Itoh, K. 
The reduced set of equations has been 
formulated as a Fokker-Planck equation , by 
introducing the total Iluctuating energy, which 
is the quantity integrated over some finite-size 
volume, 'E== (112) Lk ~<p: . The Fokker-, 
Planck equation for the probability distribution 
function of the coarse-grained quantity, p( 'E) , 
is described as 
(I) 
In the Langevin equation for the average energy 
'E , the damping rate is given as 
A == 'E I~ 2Au k~<p,~ (Au being the nonlinear 
decorrelation rate of the k-mode) and magnitude 
of the statistical source term is written as g~ . 
When the fluctuation level changes, this 
coefficient might deviate form the value in the 
limit of thermodynamical equilibrium. The 
equilibrium probability distribution, being the 
solution of Eq.( I), is governed by the effective 
potential S( 'E) 
s( z) = r 4~2Z dz , (I) 
the minimum of the effective potential S('E) 
predicts the probable state of plasma turbulence. 
In order to study the case of subcritical 
excitation, Fig.l, the function A( 'E) is Taylor 
expanded in the vicinity of the saddle point 'Ec 
as A( v) = A( v. I) - A 'II ( v- v, I) + .. . , (V = FE , 
V ' I=~). 
The transit ion rate is gi ven as 
'A ~ R = ~~ "'~A g( zA)exp{ S(z"l - s( z,l} 
(2) 
where All = A (Jv , 1 and 6:EA is a width of 
probability distributi on function at the state A. 
In the thermodynamical limit, where 
the Iluctuation spectrum is given by the thermal 
Iluctuation, Eq.(2) reduces to 
One recovers the relation I n( rA -l R) ex: - I IT 
which is the Arrhenius law. 
(3) 
Away form the thermodynamical 
equilibrium, the transition probability obeys a 
power law . In the vicinity of the critical 
stahility point of Fig.4.4.2 , the transition 
prohability is given as a function of the distance 
from the critical pressure gradient as 
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where 
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II 
and L is the size of small region over which the 
fluctuation energy 'L is integrated. 
It is shown that the transition probability 
is given as a power law as a function of the 
di stance from the critical stability boundary. 
The power law dependence of the transition 
probability is one of the characteristic feature of 
the non-equilibrium plasma turbulence. 
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Fig.1 Case of subcritical turbulence. 
Effective potential (a) and probability 
distribution function (b). 
1 ) 
2) 
S.-1. Itoh and K. Itoh: 1. Phys. Soc. 
lpn. 69 (2000) 408. 
S.-1. Itoh and K. Itoh : 1. Phys. Soc. 
lpn. 69 (2000) 427. 
197 
